It is estimated that approximately 200 million people globally are infected with the hepatitis C virus and that roughly half of these people live in Asia. Without treatment, it is estimated that roughly twenty percent of those infected with hepatitis C virus progress to chronic liver disease, then subsequently, end-stage liver disease. Thus, access to hepatitis C testing and subsequent care and treatment of chronic hepatitis C infection are essential to address the global burden of disease. In the United States, the Center for Disease Control and Prevention estimates that 60% of new cases of hepatitis infection are due to injection drug use. Opioid Treatment Programs (OTP's) dispense methadone and buprenorphine under specific federal regulations to injection drug users diagnosed with opioid dependence. OTPs are developing comprehensive care and treatment model programs that integrate general medical and infectious disease-related medical care with substance abuse and mental health services. Integrating hepatitis care services and treatment in the substance abuse treatment settings foster access to care for patients with hepatitis C infection, many who otherwise would not receive needed care and treatment. This may serve as a national model for highly cost-efficient healthcare that has a measurable outcome of improved public health with reduced hepatitis C prevalence.
OTP's, Opioid Dependence and Hepatitis C Infection
Opioid dependence, resulting from opioid injection drug use or opioid prescription drug abuse, is a significant public health problem [1] . Research studies have clearly shown that addiction to drugs of abuse is a brain disease, and if left untreated, progresses to chronic debilitating outcomes with associated medical and psychiatric comorbidities [2] . Therefore, opioid dependent individuals may manifest complex medical and social problems that require both substantial medical care and the medical management of substance abuse. Infectious diseases associated with injection drug use include viral hepatitis infections, particularly hepatitis C virus infection. The Centers for Disease Control and Prevention (CDC) has estimated that 60% of all new cases of hepatitis C infection are related to injection drug use [3] . In the United States, OTP's dispense methadone to approximately 225,000 individuals nationwide [4] from over 1200 individual Substance Abuse and Mental Health Services Administration certified treatment programs. These programs can also provide buprenorphine as authorized under 21 U.S.C. Section 823 (g) and approximately 1300 patients receive buprenorphine for the treatment of opioid dependence through OTP's. However, it has been estimated that there are at least 800,000 untreated injection-heroin users in the United States with an even larger number of opioid dependent prescription drug users [5] . Left untreated, opioid abuse and dependence result in a reduced quality of life in both physical Advancing Service Integration in Opioid Treatment Progams for the Care and Treatment of Hepatitis C Infection
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and mental functioning compared to the general population [6, 7] . The multiple medical and social comorbidities associated with substance abuse and addiction also contribute to the lower quality of life experienced and documented by opiate users [7, 8] . Life priorities of injection drug users include, a concern about and treatment of infectious diseases, such as hepatitis C infection, as well as, social and fiscal issues such as housing, money, and protection from violence [9] . Studies have shown that individuals receiving methadone treatment are at a reduced risk of death, less involved in crime, and have an enhanced quality of life, with positive cognitive, emotional, and social functioning [10] [11] [12] [13] .
For individuals with opioid dependence, OTP's are required by federal regulation to establish an individualized substance abuse treatment plan as part of long term methadone or buprenorphine treatment. Utilizing case management, a comprehensive substance abuse treatment plan can be developed that comprises behavioral, social rehabilitative components, and biological (pharmacological) treatments, ( Table 1 ). An effective treatment strategy for drug abuse and dependence is to match a comprehensive treatment plan to the individual's particular substance abuse problems and needs. Desired treatment outcomes are: 1) reduce dependence on drugs of abuse, 2) reduce morbidity and mortality of infectious diseases associated with drugs of abuse, particularly hepatitis C infection, and 3) maximize the patients' abilities to access services and achieve social integration. Treatment outcome measures to be followed include quality of care, client perception of care, cost effectiveness of the substance abuse treatment plan and use of evidence-based practices.
A substantial body of knowledge exists documenting the effectiveness of pharmacological therapies, as part of a comprehensive substance abuse treatment plan, in reducing heroin use and providing an opportunity for improvement in health and social functions for individuals addicted to opioids [14] [15] [16] . Two Treatment Improvement Protocols (TIPs) from SAMHSA provide the best practices guidelines for the use of either methadone or buprenorphine as part of a comprehensive treatment plan for opioid addiction [17, 18] . Positive treatment outcomes are based on greater retention time in treatment and patient satisfaction with treatment services. Maximum retention time in methadone treatment is associated with comprehensive treatment, provision of frequent and quality health services, as well as, appropriate methadone dosing.
Integrating Hepatitis Infection Services into Comprehensive Substance Abuse Treatment Plans
In addition to pharmacotherapies for opioid dependence, 2) Alcohol Dependence Naltrexone (extended release naltrexone)-an "anti-craving" agent, opioid receptor antagonist, reduced reward effect, with daily use, new forms are long acting Acamprosate-an "anti-craving" agent that normalizes glutamatergic neurotransmission, slow acting, attenuates relapse Disulfiram-a "vicarious" aversive medication supporting complete abstinence to alcohol that blocks complete oxidation of alcohol with accumulation of acetaldehyde and resultant unpleasant "allergic" physical symptoms when alcohol is absorbed (e.g., flushing, headache, and vomiting).
3) Nicotine Dependence a) Nicotine replacement therapy, many over the counter, such as patches, gum and inhalers used to replace the daily physical requirement for nicotine and may be used for nicotine withdrawal or maintenance. b) Buproprion-an antidepressant also found to be an "anti-craving" agent that reduces the psychological craving for tobacco. c) Varenicline-a partial nicotine receptor agonist FDA approved for treatment of nicotine dependence and relapse prevention.
Behavioral Therapy
1) Brief interventions-for 1 to 3 visits (low intensity), for early drug use and substance abuse, in many different outpatient settings 2) Motivational enhancement interviewing and therapy 3) "12-step" facilitation 4) "stage of change" model interventions 5) Long term multi-modal and multi-dimensional comprehensive therapies and interventions-to restructure belief and cognitive systems, enhance coping strategies, change friendships and environment, and change behavior 1) Individual interpersonal therapy such as cognitive behavioral therapy and insight-oriented psychotherapy 2) Group therapy-such as family or faith based, Therapeutic Communities 3) "12-step" programs and "clean and sober" recovery living environments where peer groups interested in sobriety mutually help one another stay sober a comprehensive substance abuse treatment plan for injection drug users needs to address viral hepatitis infection. Thus, for patients receiving methadone at an OTP, testing and vaccination to prevent hepatitis A and hepatitis B virus infections are important health care measures that are recommended by the CDC. The Substance Abuse and Mental Health Services Administration has developed a pilot program to test the efficacy of delivering vaccination against hepatitis A and hepatitis B infections in OTPs [19] . With the high prevalence of hepatitis C Advancing Service Integration in Opioid Treatment Progams for the Care and Treatment of Hepatitis C Infection
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infection and reasonable likelihood of eventual hepatitis B and hepatitis A infection, a preventive strategy can be to patients receiving methadone treatment to reduce the risk of potential future infection. This can be a potentially successful prevention service since patient care is carefully documented to meet daily reporting requirements with over half the nation's opioid treatment programs using a computerized record system that identifies the patient and tracks medication delivery. In a survey of hepatitis testing services provided by OTP's nationwide [20] , a graduated level of services were reported as provided with 61.9% of OTP's providing HBV testing, 64.4% providing HCV testing, 74% providing HIV testing, and 88.9% providing HIV education. Recent studies of hepatitis testing in OTPs have shown over 75% of programs nationally report capacity to provide hepatitis C testing [21] but that for-profit opioid treatment programs are less likely to make hepatitis C testing services available. One such study reported on a representative sample of programs and found as few as 34% of programs offering on-site testing for hepatitis C infection [22] . It is important for OTPs to increase their surveillance for hepatitis infection, not decrease it. Patient education about hepatitis and liver disease, as well as prevention, of hepatitis infection and enrollment in primary medical care are important in the medical management of acute and chronic stages of viral infections in the liver [23] . Counseling of young injection drug users, regarding prevention of hepatitis infection, is critical since roughly half of injectors, under the age of 23, may be free of viral hepatitis infections [24] . However, young injection drug users are frequently not vaccinated or educated to prevent viral hepatitis infection [25] . Counseling individuals, who have hepatitis infection, about a healthy lifestyle promotes treatment readiness for those individuals with progressive liver disease [26] . Providing integrated primary care and pharmacologic treatment for opioid dependence for the substance abuser can facilitate both recovery from opioid addiction and viral hepatitis infections [27] . Integration of services has also been shown to increase the quality of treatment and prevention services as well as health-related quality of life for people who inject drugs [28] .
For individuals with hepatitis infection, there are current clinical practice guidelines that recommend care and treatment for patients, who benefit by treatment and virus eradication. However, barriers to hepatitis care and treatment exist for patients receiving methadone at OTP's [23, 29, 30] . These include a generalized stigma and prejudice associated with substance-dependent persons, disenfranchisement of drug users from the medical community, the complex medical management issues of drug abusers, a lack of current treatment knowledge for patients who are injection drug users by providers, as well as, a lack of infrastructure to deliver effective care to injection drug users [31, 32] . The consequence has been delayed or withheld treatment for chronic liver disease due to hepatitis C infection in current or former substance-dependent persons, as well as for those in recovery from addiction receiving pharmacologic therapies. Individuals not receiving care and/or treatment for hepatitis infection, as well as those not responsive to hepatitis treatment will progress to end-stage liver disease, or decompensated cirrhosis, leaving orthotopic liver transplantation as the only life-saving alternative. Indeed, hepatitis C-related cirrhosis has been the leading etiology of orthotopic liver transplantation [33] .
Addressing Patient Needs with Comprehensive Services for Hepatitis Infection
Individuals seeking therapy, specifically methadone or buprenorphine treatment for opioid dependence may be HCV infected, particularly if they approach drug treatment after years of opioid use [34, 35] . Prevalence estimates of hepatitis C infection in former and current injection drug users, derived from surveys of patients in methadone treatment programs, range from 72% to greater than 90% [34, 36, 37 ]. Yet, routine testing for hepatitis C infection in this population is not common [37] . Routine testing for hepatitis C infection of individuals who have ever injected illegal drugs has been recommended by the CDC and is part of a national strategy and action plan for the prevention, care and treatment of viral hepatitis infection [34, 38] . Further, the US Preventive Services Task Force has now recommended that all Americans born between 1945 and 1965 receive a hepatitis C test and continued periodic hepatitis C testing for those determined to be at risk including current or former injection drug users [39] . A significant cohort of patients, now receiving methadone or buprenorphine treatment, need care for chronic hepatitis C infection and eventually may need hepatitis C treatment and/or liver transplantation for survival. Medical care, in combination with education and pharmacological therapies, is important for the medical management of the acute and chronic stages of viral hepatitis infections. Counseling individuals with hepatitis infection about a healthy lifestyle promotes treatment readiness for those individuals with progressive liver disease [26] . Peer driven counseling and testing for hepatitis infection has been shown to change risky behavior of injection drug users associated with the transmission of HCV [40] . Studies have shown the need for staff training and education in the delivery of counseling and testing for hepatitis C infection in OTPs [41] .
Comprehensive services for hepatitis infection include prevention as well as hepatitis care and treatment. Elements of hepatitis care for people who use drugs include screening for at-risk behavior; hepatitis testing; prevenAdvancing Service Integration in Opioid Treatment Progams for the Care and Treatment of Hepatitis C Infection
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121 tion counseling and education; vaccination against hepatitis A and hepatitis B infections; and evaluation for liver disease and comorbidities, including the need for substance abuse services, psychiatric care, and social support. A growing number of studies [42] [43] [44] [45] [46] [47] [48] have found that hepatitis treatment regimens are safe and effective for patients in care and receiving methadone treatment, hepatitis pharmacotherapy is not altered by methadone, patients that discontinue hepatitis C therapy while receiving methadone usually do so early in the time course of hepatitis C treatment, and that stable housing is associated with the initiation of hepatitis treatment. Thus, patients receiving methadone treatment should not be withdrawn from methadone prior to hepatitis C treatment, since continued methadone maintenance can be helpful in enhancing quality of life through stabilization during hepatitis C treatment. Buprenorphine/naloxone treatment of opioid dependence in the context of treatment for hepatitis C has not been formally studied, but concerns about the relationship between buprenorphine and hepatotoxicity have been studied and the risk determined to be inconsequential when used therapeutically [49] . The American Association for the Study of Liver Disease (AASLD) Clinical Practice Guidelines recommend that hepatitis C treatment not be withheld from individuals attending and seeking treatment for HCV infection in OTPs [50] .
Early Screening, Testing and Treatment of Acute Hepatitis C Virus Infection
The optimal methods for detecting hepatitis C infection are to screen for a history of at-risk behaviors and to test individuals who have an identified risk behavior or factor for hepatitis C virus exposure [51] . In the United States, injection drug use is the predominant mode of hepatitis C virus transmission and anyone with a history of injecting drugs should be tested for hepatitis C virus infection [34] .
Health care providers can screen individuals for risk factors, offering testing to those at increased risk for hepatitis C virus infection, as well as, providing individuals with hepatitis C counseling, medical evaluation, care, and treatment if needed [52] . Testing for hepatitis C virus infection followed by interferon-based treatment is effective in acute hepatitis C virus infection. Acute hepatitis C virus infection is commonly defined as the first 6 months after exposure to the hepatitis C virus [53] . The diagnosis of acute hepatitis C virus infection can be difficult in at-risk patients because the acute inflammatory stage of the disease is often asymptomatic and often (25% -50%) patients can undergo spontaneous viral clearance in acute infection [54] . A recent cohort study of treatment in acute hepatitis C virus infection noted that 52% of patients spontaneously resolved the virus infection [55] . Nevertheless, the case definition of acute hepatitis C virus infection can be defined using the individual criteria of hepatitis C antibody conversion, alanine aminotransferase elevation and hepatitis C RNA detection [56] . For those individuals who do not spontaneously resolve their infection, studies have shown interferon-based treatment to be highly effective with sustained viral response (SVR) to treatment ranging from 95% -100% [55, 57, 58] . Thus, treatment of acute hepatitis C virus infection has been proposed to prevent chronic disease and complications, such as cirrhosis, and is a cost-effective treatment [59] . In the setting of methadone treatment for injection drug use-related opioid dependence, the testing for hepatitis C virus infection status, use of case definition criteria to establish acute hepatitis C virus infection following by treatment of non-resolving infection is an important public health imperative. The diagnosis and early treatment of hepatitis C virus infection, utilizing shorter and simpler interferon-based regimens, represent an attractive option for those receiving methadone treatment for injection opioid dependence [60, 61] .
Treatment of Chronic Hepatitis C Infection and Methadone or Buprenorphine Treatment for Opioid Use Disorders
Treatment of chronic hepatitis C virus infection with interferon-based treatments has not been as effective as compared to that for acute infection, particularly with genotype I. However, the recent FDA approval of two new oral medications, bocepravir and telapravir termed direct-acting antiviral medications, have been shown to enhance treatment responses of patients with genotype I infection, as well as, those who have previously failed interferon-based treatment [62] . Both methadone and buprenorphine have been shown not to have significant drug interactions with these hepatitis C medications and so can be co-administered [63] , although the presence of adverse events should continue to be monitored clinically since experience with these combinations in practice is quite limited to date. The approach to treatment of hepatitis C may soon change to the use of oral medications rather than a combination of interferon, an injected therapeutic and oral medications. Sofosbuvir is the first oral medication approved as a single, once-daily medication treatment for hepatitis C [64] and it is expected that other oral medications will also be approved in the coming years [65] . Oral regimens may be more acceptable to patients and may have fewer adverse side effects than does interferon. In addition, once-daily medications can be administered with methadone or buprenorphine therapy at OTPs if clinically indicated. Directly observed therapy can help with adherence and contribute to improved clinical outcomes for opioid dependence and for hepatitis C. Mathematical modeling of the scale-up of these new Advancing Service Integration in Opioid Treatment Progams for the Care and Treatment of Hepatitis C Infection
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medications for the treatment of chronic hepatitis C virus infection in injection drug users indicates that therapy with direct acting antivirals lasting only 12 weeks would achieve a SVR in over 90% of people who inject drugs [66] . Thus, utilization of the newly approved medications could revolutionize the treatment outcomes for people who inject drugs, as well as for patients receiving methadone treatment. This is partly because clinical investigations of hepatitis C treatments have generally not included patients receiving methadone treatment. Methadone administration has been considered a potentially confounding factor for positive hepatitis C treatment outcomes and the OTP population has been viewed as atypical [67] . However, studies have shown that patients receiving methadone maintenance treatment are good candidates for treatment, that hepatitis C treatment outcomes from interferon-based treatment regimens for patients receiving methadone treatment can be equivalent to those reported in studies of patient populations excluding patients receiving methadone treatment and that OTPs can deliver interferon-based treatment [37, [68] [69] [70] .
An important area of continuing investigation is how best to provide treatment for chronic hepatitis C virus infection in a setting of substance abuse treatment, in particular for patients receiving methadone treatment in OTP settings. Studies have integrated hepatitis C virus infection treatment using interferon based treatment and directly observed therapy into an OTP [71, 72] . Others have utilized concurrent group treatment [73] and hepatitis care coordination [74] to address barriers to hepatitis C care and treatment. What is clear is that the provision of both methadone maintenance treatment and treatment for hepatitis C virus infection is important and such public health treatment approaches can reduce hepatitis virus infection and transmission globally in people who use drugs [75, 76] . Thus, frameworks can be developed, as well as, national action plans to enhance the global efforts to provide hepatitis prevention, care and treatment to those in need [38, 77] .
